The high-precision
As for the advanced bonding process at low profile bonding to take the advantages over the conventional technologies, the two metallurgical bonding processes were evaluated for the fine-pitch. One is the ultrasonic flip-chip bonding (UFB) utilizing the gold bumps. The other is the copper bump bonding (CBB), which is applied to the simple interconnections with the tin-cap on through-hole electrode (T-COTE)4), especially on the 3D LSI. Figure 3 shows a structure of the interconnection for stacked 3D LSI between the electroplated Au bumps and the electroless nickel and the gold (Ni/Au) plated bumps on the backside electrodes. The micro-joint on the electroless Ni/Au plating were considered as one of the candidate processes because the electroless plating was suitable to perform the micro 
UFB Bonding Profile
Basically, the bonding profile was constant in the experiments. Figure 6 shows the profile of the bonding force and the ultrasonic amplitude. The temperatures of the bonding tool and the stage were set at 150°C as the peak temperature. The ultrasonic amplitude was transferred from the bonding tool to the interconnections through the Si die. The metal tool was kept in the parallel motion at the oscillation for the stable bonding with large die over 10 mm-square.
The two-step bonding force was applied to optimize the amplitude of the ultrasonic with the bump deformation. P1 was set as 5 N in case P2 was smaller than 20 N and P1 was set as 10 N in case P2 was larger than 20 N. The tool amplitude as 3 ,um and the time of the ultrasonic oscillation as 300 ms in 50 kHz were constant as shown in the figure.
Experimental Procedure and Evaluations

Inspections and Analysis of Micro Bumps
The appearance of the bumps was inspected by the scanning electron microscopy (SEM). In addition, regarding with the electroless Ni/Au plated bumps, the cross-section of the bumps were analyzed by the fo- ness of the Au plating and the conditions of the surface cleaning will be the subjects.
UFB Interconnections in 20pm-pitch between the Electroplated Au Bumps and Electroless
Ni/Au Plated Bumps Figure 17 shows the results of the inspection. As the result, the sufficient interconnections in 20 ,um-pitch were confirmed between the electroplated Au bumps on the Si die and the electroless plating Ni/Au bumps on the Si interposer. The sufficient bonding interface was observed between the electroplated Au bumps and the electroless Ni/Au plated bumps. It was considered that the ultrasonic amplitude enhanced the bondability for the thin Au film by the electroless plating, which was thinner than the sputtered Au film.
Regarding with the hyperfine interconnections on COC structures for the active devices, it will be important that the controls of the micro bump deformation and the damage for the devices. The ultrasonic amplitude enhances the bondability but also increase the deformation of the micro bumps, which cause the electrical short for the hyperfine interconnections. In addition, it is considered that the excessive ultrasonic amplitude through the thin-metal layer with the strain during the bonding causes the damage for the bonding area9). From now on, the optimization of the UFB process will be substantial subjects to control the 
